Birth defects are a leading cause of infant mortality, accounting for 1 in 5 infant deaths in the United States, and these defects contribute substantially to childhood and adult disability, as well as to health care costs. 1---3 The examination of racial/ethnic variations in birth defects provides clues regarding their etiology from genetic, cultural, environmental, and other factors. The United States has a relatively large, diverse population, providing an opportunity to examine variations among racial/ ethnic groups and specific subgroups.
Several population-based studies have examined the racial/ethnic variation of selected birth defects in the United States. 4---9 In addition, a number of publications from individual states have included racial/ethnic data for either specific birth defects or a range of conditions. 10---31 These studies have generally focused on a limited number of racial/ethnic groups or birth defects.
Two previous population-based analyses, conducted through the National Birth Defects Prevention Network (NBDPN), provided clues concerning racial/ethnic variation for a range of birth defects using a large US birth sample. 6, 32 However, these analyses did not adjust for important covariates and only examined differences among Blacks and Hispanics relative to Whites. For the present study, we used more recent pooled population-based prevalence data over a longer period of time and for a wider range of racial/ethnic groups to examine differences in the prevalence of birth defects. Our objective was to examine the racial/ethnic differences in the occurrence of 27 major birth defects in the United States.
METHODS
Population-based birth defects surveillance data have been routinely collected by state birth defects surveillance programs across the United States, 33 The NBDPN's State Data Committee requested de-identified individual-level data for both birth defect cases and birth records from state birth defects program contacts, inviting them to participate in the present study. To share these data, participating states received approval from their own institutional review boards or received permission to defer to the institutional review board in Texas, where the study was led. The Centers for Disease Control and Prevention served as the repository for the data submitted by the participating states.
Study Cohort and Case Inclusion
We included infants born from 1999 to 2007 who were diagnosed with 1 or more of 27 selected major birth defects in the study. The cases included live births, and where available, fetal deaths, or pregnancy terminations. We selected the 27 birth defect categories included in the study based on the likelihood that these defects were consistently diagnosed during early infancy and ascertained by state surveillance programs. 5, 6 The included conditions were anencephaly; spina bifida without anencephaly; encephalocele; anotia or microtia; common truncus; transposition of great arteries; tetralogy of Fallot; atrioventricular septal defect with and without Down syndrome; aortic valve stenosis; hypoplastic left heart syndrome; coarctation of the aorta; cleft palate without cleft lip; cleft lip with or without cleft palate; esophageal atresia; congenital hypertrophic pyloric stenosis; rectal and large intestinal atresia; hypospadias; upper, lower, and any limb deficiency; diaphragmatic hernia; gastroschisis; omphalocele; Down syndrome; trisomy 13; and trisomy 18. Case counts were derived from each occurrence of a condition; therefore, an infant born with multiple birth defects was counted in each relevant category.
Objectives. We investigated the relationship between race/ethnicity and 27 major birth defects.
Methods. We pooled data from 12 population-based birth defects surveillance systems in the United States that included 13.5 million live births (1 of 3 of US births) from 1999 to 2007. Using Poisson regression, we calculated prevalence estimates for each birth defect and 13 racial/ethnic groupings, along with crude and adjusted prevalence ratios (aPRs). Non-Hispanic Whites served as the referent group.
Results. American Indians/Alaska Natives had a significantly higher and 50% or greater prevalence for 7 conditions (aPR = 3.97; 95% confidence interval [CI] = 2.89, 5.44 for anotia or microtia); aPRs of 1.5 to 2.1 for cleft lip, trisomy 18, and encephalocele, and lower, upper, and any limb deficiency). Cubans and Asians, especially Chinese and Asian Indians, had either significantly lower or similar prevalences of these defects compared with non-Hispanic Whites, with the exception of anotia or microtia among Chinese (aPR = 2.08; 95% CI = 1.30, 3.33) and Filipinos (aPR = 1.90; 95% CI = 1.10, 3.30) and tetralogy of Fallot among Vietnamese (aPR = 1.60; 95% CI = 1.11, 2.32).
Conclusions. This is the largest population-based study to our knowledge to systematically examine the prevalence of a range of major birth defects across many racial/ethnic groups, including Asian and Hispanic subgroups. The relatively high prevalence of birth defects in American Indians/Alaska Natives warrants further attention. (Am J Public Health. 2014;104:e14-e23. doi:10.2105/AJPH.2014.
302098)
The population-based systems used either an active or passive case finding methodology to identify all potential cases within a defined catchment area. Participating states included Arizona, Colorado, Florida, Georgia/Centers for Disease Control and Prevention (metropolitan Atlanta), Illinois, Massachusetts, Michigan, Nebraska, New Jersey, New York (excluding New York City), North Carolina, and Texas. Five of these states (AZ, GA, MA, NC, and TX) used active case finding by reviewing medical charts, whereas the remaining states (CO, FL, IL, MI, NE, NJ, and NY) used a passive case finding methodology and relied on administrative datasets or hospital reporting to collect case information. Some passive systems verified diagnoses for some or all reported or listed cases, which reduced the false positive rate. 5, 6 Participating state programs provided confirmed birth defects cases; 5 states (CO, FL, IL, MI, and NY) were unable to exclude possible or probable cases. Most programs provided all the defects requested for the entire study period. However, for delivery years 2005 to 2007, Arizona excluded cases with atrioventricular septal defect with and without Down syndrome, pyloric stenosis, rectal and large intestinal atresia, and hypospadias. In addition, Michigan was unable to differentiate between gastroschisis and omphalocele cases, and Florida did not provide data on cases with omphalocele. The data collection methods and specifications for the NBDPN were previously described. 33 
Birth Records and Pooled Data Analysis
State birth defects surveillance programs acquired birth records for 1999 to 2007 from the state office of vital statistics. Cases were linked to their vital records to supplement clinical information with selected sociodemographic data.
To ensure uniform formatting of variables, a single analyst (R. R., then A. O. H.) cleaned the birth defects cases and birth records submitted by participating birth defects surveillance programs, and then pooled the data for statistical analysis. We categorized maternal race/ethnicity, as captured on the birth certificate, as non-Hispanic White, non-Hispanic Black, non-Hispanic American Indian/Alaska Native, non-Hispanic Asian, and Hispanic. We further stratified the non-Hispanic Asian group into subgroups as Chinese, Filipino, Korean, Asian Indian, and Vietnamese, and the Hispanic group into Mexican, Puerto Rican, and Cuban. Designation into Asian or Hispanic subgroups or origins was based on the race or ethnicity field from the birth certificate, respectively. We excluded records with multiple maternal races or missing maternal race/ethnicity (2% of all records) from the analysis. We calculated birth defect prevalence (cases per 10 000 live births) for all racial/ethnic categories combined and for each racial/ethnic group. For this calculation, we used the conventional denominator of all live births (actually a ratio instead of a rate), which is typically done in birth defects surveillance and prevalence studies to compare among systems that might have varying pregnancy outcomes included. 34 We used Poisson regression to calculate crude prevalence ratios to examine any statistically significant racial/ethnic differences in the prevalence of each birth defect, relative to non-Hispanic Whites. We conducted multivariable analyses to calculate adjusted prevalence ratios (aPRs), adjusting for maternal state of residence (at delivery) and maternal age (< 20, 20---34, and ‡ 35 years). The 95% confidence intervals (CIs) were estimated with the assumption that the cases followed a Poisson distribution. We performed the analyses using SAS version 9.3 (SAS Institute, Cary, NC).
Because of the volume of data and the fact that crude and adjusted prevalence ratios were similar (especially for the larger groups), only aPRs were shown. Data for other Hispanic and Asian subgroups that were not specified previously, as well as maternal multiple race/ethnicity, were also not shown. Examples of groups with data that were too sparse included Polynesians, Hawaiians, and Japanese. Because of the large number of comparisons, we focused on prevalence ratios that were both statistically significant at a P level of less than .05 and of a magnitude of less than 0.7 or greater than or equal to 1.5. Table 1 characterizes the 12 populationbased surveillance systems that contributed data for the study. After excluding 3100 cases with unknown or multiple race/ethnicity, our study included 147 555 cases of birth defects, which either occurred as isolated or with other birth defects. Five systems included cases from live births only, and the remainder of the systems included live births and stillbirths or elective terminations. The study live birth population (approximately 13.5 million) represented 37% of all US live births for 1999 to 2007. Table 2 provides pooled birth prevalence estimates and 95% CIs for 27 birth defects, both for the total study population and for 5 mutually exclusive racial/ethnic categories: non-Hispanic White, non-Hispanic Black, Hispanic, non-Hispanic Asian/Pacific Islander, and non-Hispanic American Indian/Alaska Native. The prevalence estimates and 95% CIs for the 5 Asian subgroups (Chinese, Filipino, Korean, Asian Indian, and Vietnamese) and for the 3 Hispanic subgroups (Mexican, Puerto Rican, and Cuban) are available as a supplement to the online version of this article at http://www.ajph.org.
RESULTS
Overall, the birth prevalence ranged from a low of 0.73 cases per 10 000 live births (95% CI = 0.69, 0.78) for common truncus, 0.78 for encephalocele, and 0.93 for trisomy 13, to a high of 58.54 (95% CI = 57.97, 59.12) for hypospadias (among males). However, these prevalences varied across racial/ethnic groups. One of the most pronounced racial/ethnic differences was seen for anotia or microtia, with more than a 6-fold difference in the prevalence for American Indians/Alaska Natives (4.67 cases per 10 000 live births; 95% CI = 3.38, 6.29) versus non-Hispanic Blacks (0.73 per 10 000 live births; 95% CI = 0.61, 0.85). Table 3 shows the racial/ethnic-specific aPRs and 95% CIs for the 4 major racial/ethnic groups (non-Hispanic Black, Hispanic, non-Hispanic Asian/Pacific Islander, and non-Hispanic American Indian/Alaska Native), relative to non-Hispanic Whites. Focusing on statistically significant results of magnitude greater than or equal to 1.5 or less than 0.7, non-Hispanic Blacks had a 50% or higher prevalence of encephalocele (aPR = 1.75; 95% CI = 1.48, 2.07) and trisomy 18 (aPR = 1.71; 95% CI = 1.53, 1.91). The lowest aPRs seen for non-Hispanic Blacks were for pyloric stenosis (aPR = 0.42; 95% CI = 0.40, 0.44), aortic valve stenosis (aPR = 0.53; 95% CI = 0.46, 0.61), gastroschisis (aPR = 0.55; 95% CI = 0.49, 0.61), and cleft lip with or without cleft palate (aPR = 0.62; 95% CI = 0.58, 0.66).
American Indians/Alaska Natives had a 50% or higher prevalence for 7 conditions, with the highest aPR found for anotia or microtia (aPR = 3.97; 95% CI = 2.89, 5.44). Four defect groups showed an approximately 2-fold increased risk for trisomy 18 (aPR = 1.85; 95% CI = 1.24, 2.75), cleft lip with or without cleft palate (aPR = 1.92; 95% CI = 1.65, 2.23), lower limb deficiency (aPR = 1.91; 95% CI = 1.26, 2.89), and encephalocele (aPR = 2.14; 95% CI = 1.22, 3.76). Higher magnitude aPRs were also observed for upper limb deficiency (aPR = 1.51; 95% CI = 1.10, 2.09) and any limb deficiency (aPR = 1.51; 95% CI = 1.15, 1.98). Only 2 conditions were less prevalent in American Indians/Alaska Natives: hypospadias in males (aPR = 0.61; 95% CI = 0.52, 0.71) and pyloric stenosis (aPR = 0.82; 95% CI = 0.68, 0.99). Asians/Pacific Islanders showed significantly lower aPRs for 16 of the 27 conditions studied, with the lowest aPR found for pyloric stenosis (aPR = 0.26; 95% CI = 0.22, 0.29). Among Hispanics, we observed a mixture of higher and lower aPRs, but we found greater than 50% higher prevalence for 3 conditions: anotia or microtia (aPR = 2.40; 95% CI = 2.18, 2.64), anencephalus (aPR = 1.64; 95% CI = 1.47, 1.83), and encephalocele (aPR = 1.53; 95% CI = 1.32, 1.78).
The aPRs and 95% CIs for the 5 major Asian subgroups (Chinese, Filipino, Korean, Asian Indian, and Vietnamese), relative to non-Hispanic Whites, are available as a supplement to the online version of this article at http://www. ajph.org. For Asian subgroups, we observed a lower or similar prevalence for most birth defects, compared with non-Hispanic Whites. The lowest aPRs were seen for pyloric stenosis in Filipinos and Vietnamese (aPRs = 0.19) and for gastroschisis in Asian Indians (aPR = 0.21; 95% CI = 0.09, 0.47) and Chinese (aPR = 0.24; 95% CI = 0.08, 0.76). Two conditions had lower prevalence than non-Hispanic Whites across all Asian subgroups: pyloric stenosis (aPRs = 0.19---0.34) and hypospadias in males (aPRs = 0.42---0.79).
The aPRs and 95% CIs for the 3 Hispanic subgroups (Mexican, Puerto Rican, and Cuban), relative to non-Hispanic Whites, are available as a supplement to the online version of this article at http://www.ajph.org. For Mexicans, the only birth defect with a 50% or higher prevalence was anotia or microtia (aPR = 2.53; 95% CI = 2.26, 2.82). Of the 27 conditions, 12 showed lower prevalence for Mexicans, but only 1 defect (hypospadias among males) had more than a modestly lower prevalence compared with non-Hispanic Whites (aPR = 0.41; 95% CI = 0.39, 0.42). Puerto Ricans had a lower prevalence of hypospadias (aPR = 0.68; 95% CI = 0.62, 0.73) and a higher prevalence of anencephalus (aPR = 1.70; 95% CI = 1.15, 2.52). Cubans had a lower or similar prevalence for all birth defects studied, with the largest Cuban to non-Hispanic White differences seen for trisomy 18 (aPR = 0.36; 95% CI = 0.16, 0.82), aortic valve stenosis (aPR = 0.39; 95% CI = 0.20, 0.76), and cleft lip (aPR = 0.52; 95% CI = 0.40, 0.67).
In comparing crude and aPRs (crude data not shown), the overall pattern after adjustment appeared to shift toward a reduction in the number of significant prevalence ratios, particularly for Hispanics and specifically for Mexicans. In addition, only the Hispanic subgroups showed prevalence ratios that changed from significantly greater than 1 to significantly less than 1 with adjustment (gastroschisis in Mexicans and pyloric stenosis in Cubans). Table 4 lists the aPRs for the 27 birth defects among the main maternal race/ethnic groups, selected Asian subgroups, and selected Hispanic subgroups in the United States, relative to non-Hispanic Whites. Cubans and Asian Indians appeared to have lower risk for the birth defects in this study. American Indians/Alaska Natives had a higher prevalence of 8 birth defects (all but 1 of them ‡ 50% higher), relative to non-Hispanic Whites. Non-Hispanic Blacks had 2 conditions (encephalocele, trisomy 18), for which they had markedly increased prevalence (aPR ‡ 1.5) compared with non-Hispanic Whites. Non-Hispanic Whites had a higher prevalence of hypospadias (in males) and congenital pyloric stenosis than all other racial/ethnic groups, with the exception of pyloric stenosis in Puerto Ricans and hypospadias in Cubans (aPR = 1.0, relative to non-Hispanic Whites). There were a number of birth defects for which the prevalence among 
DISCUSSION
This was the largest population-based study in the United States to examine racial/ethnic differences in birth defects for a range of racial/ ethnic categories. Our study provided the first multistate estimates for American Indians/ Alaska Natives, Asian subgroups, and Hispanic subgroups. The live birth population for this study (13.5 million) represented 37% of all US live births from 1999 to 2007.
With this analysis, we produced multistate prevalence estimates for the first time for anotia or microtia, atrioventricular septal defect without Down syndrome, aortic valve stenosis, hypoplastic left heart syndrome, coarctation of the aorta, congenital pyloric stenosis, hypospadias, and any limb deficiency. For the majority of the birth defect groups included in this study, national estimates had been published previously for 1999 to 2001 and 2004 to 2006 5, 6 ; for these defects, the crude prevalence estimates for 1999 to 2007 were generally consistent with the earlier estimates, with some exceptions, explained in part by the sample consisting of a mixture of states that conducted active or passive case finding methodology. The most noteworthy differences with previously published data 5 were the higher prevalences in our study for esophageal atresia and transposition of the great arteries.
The crude prevalence ratios computed for non-Hispanic Blacks and Hispanics, relative to non-Hispanic Whites, were generally consistent with those found in 2 previous national population-based studies that examined a subset of the conditions included in our study. 6, 32 The most interesting findings of our study were the higher prevalences for a number of birth defects in American Indians/Alaska Natives. Previous literature on American Indians/Alaska Natives was limited, but a high prevalence of orofacial clefts and microtia were reported. 25,35---37 We also noted a relatively low prevalence of birth defects in Cubans and Asians, especially among Chinese and Asian Indians. It was difficult to compare these results with other estimates because limited data existed for Hispanic and Asian subgroups who were US residents. One study in California 15 examined birth defect prevalence in Vietnamese, and our crude Vietnamese to White ratios were generally consistent with those findings. The majority in these groups were foreign-born. The low prevalence might, in part, be explained by a "healthy immigrant effect," in which people who tended to be healthier or who were of higher socioeconomic status (both of these factors were associated with better health or pregnancy outcomes) were more likely to immigrate to the United States and have children. 38 In the adjusted analyses, we controlled for maternal age using 3 categories (< 20 years, 20---34 years, and ‡ 35 years) and state of residence at delivery. Two additional models were evaluated using 6 maternal age categories and age as a continuous variable, with essentially the same results. Adjusting for state of residence at delivery addressed some differences in case ascertainment across states, including differences in the pregnancy outcomes captured across state systems. It would have been optimal to also adjust for a socioeconomic variable, such as maternal education, but we chose to limit the number of covariates because of the small cell sizes in some instances.
Limitations and Strengths
Our study had several limitations. First, a number of prevalence and prevalence ratio calculations were based on cell sizes of less than 5 cases, especially for some Asian subgroups, which led to imprecise estimates. However, the presentation of the data was important because of the lack of data on these populations in the United States. In addition, some states did not conduct prenatal Note. AI/AN = American Indian/Alaska Native; CI = confidence interval; DS = Down syndrome; +/-= with or without. Prevalence is the number of cases per 10 000 live births. Total for 12 states does not include mothers of unknown race/ ethnicity. Whites, Blacks, Asian/Pacific Islanders, and American Indians/Alaska Natives are non-Hispanic. surveillance or include pregnancy terminations, which would underestimate the true prevalence for several birth defects and even some subgroups of birth defects (especially for anencephaly and trisomies), possibly affecting the prevalence ratios.
We relied on race/ethnicity classification from vital records. To simplify the analysis, we followed the general convention of first grouping by Hispanic ethnicity and then by race categories, in which Hispanic ethnicity took precedence over race for classifying an individual into a racial/ethnic group. Similarly, we did not consider unknown or multiple races, although this affected only 2% of the total cases in the study. Also, we did not present data on maternal nativity (foreign-vs US-born), which might contribute to some of the racial/ethnic differences; this topic will be the focus of a subsequent and related article. However, the majority of Asians (86%) and Hispanics (56%) in this sample were foreign-born. An additional consideration was that Asians and Asian subgroups were underrepresented in the sample, compared with the US population, because no states from the West Coast nor Hawaii were able to contribute data. In a similar manner, Cubans were overrepresented in the sample because this group was concentrated in 1 of our study states (FL). Another limitation was our inability to classify birth defects into isolated versus nonisolated phenotypes, which might slightly overstate or understate the racial/ethnic impact for a particular birth defect.
A final issue was that of multiple comparisons, given the number of birth defects and racial/ethnic categories examined in this study. With 27 birth defect categories and 12 non-White racial/ethnic groups having sufficient data, we would have expected approximately 16 significantly elevated or lower prevalence ratios simply by chance (P < .05). We found 132 differences at a P level of less than .05 and 74 differences that were both statistically significant (P < .05) and of greater magnitude (aPR < 0.7 or ‡ 1.5). The number of racial/ethnic differences compared with non-Hispanic Whites greatly exceeded what we would have expected by chance alone.
The study limitations were balanced by several strengths. The very large sample (approximately 13.5 million births) was population-based and represented more than one-third of all live births in the United States. The study population had proportions for the 5 major racial/ethnic categories similar to the distribution of the US population. In addition, we were able to adjust for 2 important study factors (maternal age and state of residence) to better elucidate associations between race/ethnicity and individual birth defects. Adjusting for state partially accounted for ascertainment differences across study sites, such as pregnancy outcomes included in each system. We selected specific birth defects that were considered likely to be reliably diagnosed during infancy.
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